Background: Earlier studies on seasonality in growth reported the largest height gains during spring and largest body weight gains during autumn. We examined seasonality in height, body weight, BMI, fat mass index (FMI), and fat-free mass index (FFMI) among contemporary Danish 8-11-y olds. Methods: A total of 760 children from the OPUS School Meal Study provided >2,200 measurements on height, body weight, and composition between September and June. Average velocities were calculated using change-score analyses based on 3-mo intervals. As a complementary analysis, point velocities derived from estimated growth curves were fitted using semiparametric regression that included covariate adjustment and allowed flexible modeling of the time trend. results: Average velocities showed the following trends: height was higher than the average (6.10 cm/y) in JanuaryApril. Body weight was below the average (4.02 kg/y) in August-January and above in January-May; BMI (average: 0.49 kg/ m 2 /y) and FFMI (average: 0.17 kg/m 2 /y) showed similar trends. In contrast, FMI was above the average (0.38 kg/m 2 /y) in November-March. Similar trends were seen for point velocities. conclusion: Our findings suggest seasonality in growth and body composition of Danish children. We recovered the well-known height velocity peak during spring time, but unlike earlier studies, we found coincident peaks in body weight, BMI, and FFMI velocities. g rowth monitoring is an important part of child health provision throughout the world. To better detect growth disorders, it is important to have several repeated measurements and to understand the normal fluctuations in growth across different phases in childhood. Season of measurement could be of importance, especially when the period of growth monitoring is short. Studies on seasonal variation in growth of school-aged children in the northern hemisphere between 1886 and 1971 reported that the fastest height velocity occurs during spring or summer (1-6), while the fastest weight gain occurs during autumn or early winter (1,2,4-8). However, in later years, the picture is less clear. Among Japanese children, the seasonal variation in height and weight gains was attenuated from 1959-1963 to 1971-1975 (9), and no seasonal variation was detectable in 1982-1984 (10). However, two small studies from the 1990s from the United Kingdom and Sweden reported seasonal variations in height (11,12) and body weight (12) gains, and seasonal variation in circulating insulin-like growth factor 1 levels that were consistent with short-term variations in body weight and BMI and also consistent with long-term variations in height velocity (13). Furthermore, children treated for growth hormone deficiency showed the largest height velocity responses during spring and early summer (14) or when experiencing the largest sunlight exposure (15), despite equal doses of growth hormone throughout the year. Most modern studies on temporal variation in children's body weight focus on differences between the summer holiday and the school year. They show that weight gain peaks during the summer holiday in overweight children but not in normal weight children (16, 17) . Reasons for seasonal variation in growth may be related directly or indirectly to meteorology or cultural factors. The daily darklight cycle influences the production of melatonin (18), which has been shown to stimulate secretion of growth hormone (19). However, as suggested from the studies of growth hormone therapy, seasonality in growth hormone response is also apparent. Sunlight exposure and temperature could also influence production of other hormones that regulate growth and body weight, such as insulin-like growth factor 1 (13), leptin, and ghrelin (20). Indirect effects of meteorology could include food availability (1,9), infectious diseases (7), physical activity, and sleep habits (21, 22) . The larger summer holiday weight gains observed in overweight children could reflect less disciplined lifestyles and absence of school-related physical activity (16).
g rowth monitoring is an important part of child health provision throughout the world. To better detect growth disorders, it is important to have several repeated measurements and to understand the normal fluctuations in growth across different phases in childhood. Season of measurement could be of importance, especially when the period of growth monitoring is short. Studies on seasonal variation in growth of school-aged children in the northern hemisphere between 1886 and 1971 reported that the fastest height velocity occurs during spring or summer (1) (2) (3) (4) (5) (6) , while the fastest weight gain occurs during autumn or early winter (1, 2, (4) (5) (6) (7) (8) . However, in later years, the picture is less clear. Among Japanese children, the seasonal variation in height and weight gains was attenuated from 1959-1963 to 1971-1975 (9) , and no seasonal variation was detectable in 1982-1984 (10) . However, two small studies from the 1990s from the United Kingdom and Sweden reported seasonal variations in height (11, 12) and body weight (12) gains, and seasonal variation in circulating insulin-like growth factor 1 levels that were consistent with short-term variations in body weight and BMI and also consistent with long-term variations in height velocity (13) . Furthermore, children treated for growth hormone deficiency showed the largest height velocity responses during spring and early summer (14) or when experiencing the largest sunlight exposure (15) , despite equal doses of growth hormone throughout the year. Most modern studies on temporal variation in children's body weight focus on differences between the summer holiday and the school year. They show that weight gain peaks during the summer holiday in overweight children but not in normal weight children (16, 17) . Reasons for seasonal variation in growth may be related directly or indirectly to meteorology or cultural factors. The daily darklight cycle influences the production of melatonin (18) , which has been shown to stimulate secretion of growth hormone (19) . However, as suggested from the studies of growth hormone therapy, seasonality in growth hormone response is also apparent. Sunlight exposure and temperature could also influence production of other hormones that regulate growth and body weight, such as insulin-like growth factor 1 (13), leptin, and ghrelin (20) . Indirect effects of meteorology could include food availability (1, 9) , infectious diseases (7), physical activity, and sleep habits (21, 22) . The larger summer holiday weight gains observed in overweight children could reflect less disciplined lifestyles and absence of school-related physical activity (16) .
The aim of the present paper is to examine if seasonal variations in height, body weight, BMI, fat mass index (FMI), and fat-free mass index (FFMI) velocities still exist in a contemporary school-aged children in a high-income Danish setting.
RESULTS
Among children with data from baseline (August-November), 47% of girls and 23% of boys had entered puberty ( Table 1) . The prevalence of overweight (including obesity) was 12.7 and 13.3% for girls and boys and for underweight, the numbers Average velocities in body weight and BMI for periods 5 and 6 (midpoints 18 March and 20 April) were higher than the overall all-year change ( Table 2) . During the autumn and early winter period (period 1: midpoint 24 October and period 2: midpoint 6 December), average velocities were lower than the all-year change ( Table 2) . Also when looking at point velocities for gain in body weight and BMI, higher than average velocities were seen during spring months and lower than average velocities during the autumn (Figure 1b,c) .
Changes in Body Composition
For FMI, average velocities were higher than the all-year average for the periods 3 and 4 (midpoints 8 January and 1 February) ( Table 2) . Likewise the corresponding point velocities were higher than the all-year average between ultimo December and ultimo February (Figure 1d) . FMI average velocities were lower than the all-year average for period 1 (midpoint 24 October) ( Table 2) , which matched the corresponding point velocities that were lower than the all-year average between ultimo September and ultimo December (Figure 1d) . Average velocities for FFMI were higher than the all-year average during the same spring time periods as body weight and BMI (periods 5 and 6 with midpoints 18 March and 20 April) and lower than average across autumn and early winter periods (periods 1-3 with midpoints 24 October, 6 December, and 8 January) ( Table 2 ), a trend also seen for the point velocities (Figure 1e) . Estimated annual changes (reported as mean, 95% confidence interval, and number of observations n) were based on 3-mo changes with different starting dates (as indicated by the intervals) during a school year (periods 1-6). The vast majority of children providing data for periods 1 and 4, 2 and 5, and 3 and 6 were the same. Periods were constructed so that they included similar numbers of observations. Starting intervals for the six periods were: period 1 (30 August-27 September), period 2 (28 September-4 November), period 3 (8-28 November), period 4 (29 November-9 January), period 5 (10 January-10 February), and period 6 (13 February-12 March).
b Estimated annual changes were based on 6-mo changes without distinction between time periods with different starting points.
DISCUSSION
Our findings for height are in agreement with results from previous studies (1-6). The lower than average gains in body weight, BMI, FMI, and FFMI in autumn are in contrast to the majority of previous studies showing the highest gain in body weight (no studies with data on body composition) during autumn or early winter (1,2,4-8). Our results on body composition suggest that the higher body weight gain during spring is due to fat-free mass rather than fat mass. A higher level of physical activity during spring than during winter may be a likely explanation for the changes in gains in body weight and body composition during winter and spring (22) .
Two newer studies are comparable with our study regarding latitude and population characteristics (11, 12) . Gelander et al. found a peak in height velocity during spring among 50 Swedish 7-11-y olds measured in 1992-1993 (11) ; no data were available on weight or body composition. Their study setup was different from ours having fewer study subjects (n = 50), but more frequent measurements and comparing monthly based growth rates with each other, not with an all-year linear 
Seasonality in growth of children
Articles trend (11) . Based on data from prepubertal British children, Tillmann et al. concluded that in addition to a strong seasonal trend (height and body weight gains both highest during spring), linear growth was comprised of three to six yearly growth spurts separated by stasis, whereas weight gain was characterized by two to five periods of weight gain separated by periods of weight loss (12) . Their study setup differed from ours by having fewer study subjects (n = 43), but more frequent measurements (biweekly for 1 y) and reporting average number, length and amplitude of height velocity peaks, and periods with growth stasis, weight gain, and weight loss based on averages of smooth estimates from individual height and weight velocity profiles (12) . Most of the previous studies on seasonal variation in growth are not contemporary and results may reflect seasonal variations in food availability (1,9), impacts of infectious diseases (7), or other factors which are less relevant in contemporary cohort of school-aged children in highincome countries. Seasonal variations in physical activity and sleep may also be different today, where physical activity is predominantly due to playing and sports, not, e.g., due to physical work, and where sleep duration may be less influenced by day length.
A limitation of our study is that our collection of data was not designed with a view to study seasonal variations in growth, and thus we had a maximum of three measures per child and no data available for the summer holiday (July and most of August). The large number of children measured and the complementary statistical modeling of point velocities with careful adjustment for factors related to the design of the study and the individual child may to some extent counterbalance the shortcoming of the study design. However, we cannot rule out the possibility that results do not reflect true seasonality in growth but simply are due to modeling artifacts. The choice of modeling assumptions for the semiparametric regression approach (e.g., smoothing algorithm and bandwidth selection) may also have an impact on the resulting estimated growth curves and the derived point velocities. Therefore, these results, which were obtained using a completely different modeling approach as compared to the change-score analysis, were used to support the findings seen for average velocities. In view of the exploratory nature of this study, P values and confidence bands should be viewed as very conservative indications of the variability in the estimates.
Moreover, hypothetically some of the seasonal differences in growth velocity could be due to the dietary intervention. In a previous publication, we demonstrated a gain in FMI of 0.03 kg/m 2 (95% confidence interval: 0.00, 0.05; P = 0.04) during the intervention period compared with the control period (24) . However, there was no modifying effect of the order of the diets, which means that this small effect of the intervention on FMI is evenly distributed across the school year and thus is unlikely to explain seasonal variations in FMI. Height, BMI z-score, and FFMI were not influenced by the intervention (24) .
The present study showed that gains in height and body weight and changes in body composition vary considerably with season. These findings need to be confirmed in future studies that are designed to minimize bias partly caused by different children characterizing growth in different time periods or even seasons. Specifically, such designs should ensure that children are followed for a longer time span, resulting in more observations per child (and possibly less children in total as compared to the present study). Consequently, individual growth trajectories would also to a much larger extent become overlapping. Moreover, measurements should cover the entire calendar year, also summer holidays and other school breaks in order to avoid spurious boundary effects.
Conclusions
Our findings suggest substantial seasonality in growth and body composition of contemporary Danish children. We recovered the well-known height velocity peak during spring time, but unlike earlier studies, we found coincident peaks in body weight, BMI, and FFMI velocities.
METHODS

Protocol
OPUS School
Meal Study is a cluster-randomized, cross-over controlled, and unblinded study carried out between the 30th of August 2011 and the 26th of June 2012. Overall study aim, design, recruitment, power calculation, randomization, and drop-outs have been described previously (23) . Briefly, children from third and fourth grades (8-11 y) at nine schools in the eastern part of Denmark were invited to participate in the study. Exclusion criteria for the children were strong food allergies or food intolerances or concomitant participation in other scientific studies that involved radiation or blood sampling. Each child participated in two 3-mo periods: an intervention period with provision of meals based on the so-called New Nordic Diet and a control period. Investigations were carried out three times in each child: at baseline, between the two dietary periods, and after the last dietary period. The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Regional Committee on Biomedical Research Ethics of the Capital Region of Denmark (no. H-1-2010-124). Written informed consent was obtained from custody holders of the child. The trial was registered in the Clinical Trials database (clinicaltrials.gov; no. NCT01457794). In this paper, we did not test the effects of the intervention but performed observational analyses of the longitudinal study data, adjusting for factors related to the design of the study.
Measurements
Pubertal status. At baseline, an interviewer carried out an in-depth personal interview with one of the parents. Baseline pubertal status (breast development in girls and emergence of pubertal hair in boys) was self-evaluated based on Tanner staging categorizing the children into one of five categories as validated by Morris and Udry (25) . The variable was recoded to a binary variable: not entered puberty (stage 1) or entered puberty (stage 2-5).
Anthropometric measurements. Clinical examinations were performed at baseline, 3 mo, and 6 mo. Height was measured to the nearest 0.1 cm using a portable stadiometer (CMS Weighing Equipment LTD, London, UK) and body weight measured to the nearest 0.1 kg using a digital weight (Tanita BWB 800 S, Arlington Heights, Illinois). The measurements were carried out in the morning after an overnight fast. Children were asked to empty their bladder prior to the measurements and wore only light clothing. BMI was calculated and prevalence of underweight and overweight including obesity were based on Articles Dalskov et al.
age-and sex-specific cutoffs defined to pass through BMI of 18.5 and 25 kg/m 2 at age 18 y according to Cole et al. (26, 27) . Whole-body composition of the children was measured by dualenergy X-ray absorptiometry scanning (Lunar Prodigy; GE Medical Systems (Madison, Wisconsin) with Encore software version 13.5). Approximately 85% of the children had a standardized breakfast prior to the scanning. FMI and FFMI were calculated as originally described by VanItallie et al. (28) In a study on the reproducibility of whole-body scans of 5-17-y-old children using the GE Lunar, coefficients of variation of 1.94% (fat mass) and 0.48% (fat-free mass) were found for two repeated scans in thin mode (29) .
To be included in the analyses, children had to have data on age and pubertal status at baseline and in addition have measures of body weight, height, and body composition from at least two time points (any combination of baseline, 3 mo, and 6 mo). One boy with achondroplasia was excluded from the analyses.
Data Analysis
Descriptive statistics were calculated for demographics and body composition. Medians and interquartile range were calculated for continuous variables, and frequencies were calculated for discrete variables.
We considered two complementary statistical approaches: a change-score analysis resulting in average velocities and a semiparametric regression analysis involving analysis of covariance-type linear mixed models and producing point velocities derived from growth curves. The former approach is simple and robust, whereas the latter approach includes various adjustments and allows more flexibility in modeling trends.
In the first approach, 3-mo changes in height, body weight, BMI, FMI, and FFMI (from baseline to 3 mo and again from 3-6 mo) were calculated for children with data from all three time points. These 3-mo changes were translated into annual average (growth) velocities and categorized into one of six periods according to their starting time point (season). Each of these six period-specific velocities was compared with the overall all-year change (across periods) by means of a two-sample t-test. The second approach involved fitting semiparametric regression models (30) (31) (32) . Initially, covariate information reflecting differences between children was incorporated in (parametric) linear mixed models that were fitted to each outcome considered. From each model fit, we retrieved the raw (unstandardized) residuals for further analysis. These residuals may be viewed as adjusted outcome values, adjusted for child-specific differences captured in the explanatory variables that were included in the linear mixed models. Specifically, analysis of covariance-type hierarchical linear mixed models with child, class, year group within school, and school as random effects were fitted. In addition to the effect of time (included as a continuous variable), models were adjusted for age at baseline and the interaction between gender and pubertal status at baseline. FMI was square root-transformed for analysis and subsequently estimates were back-transformed and presented on the original scale (kg/m 2 ) as suggested by Laursen et al. (33) . Model checking was based on visual inspection of residual and normal probability plots.
Subsequently, growth trends in the residuals were modeled using local linear regression, a nonparametric method for fitting a growth curve where many simple linear regressions were fitted locally, at each time point but confined to a small time interval centered around each time point (determined by a bandwidth) and with decreasing weights towards interval endpoints. Weights were calculated using the triangular kernel. Based on an interquartile range from 72 to 210 d and a total number of observations ~2,200, the minimum bandwidth was found to be 24 d according to Silverman's rule of thumb (34) . However, we used a larger bandwidth of 48 d (24 + 24), allowing for smooth local regression curves despite gaps of up to 24 d without measurements, such as around the Christmas holiday. First derivatives (i.e., point velocities) were readily obtained from the estimated growth curves through differentiation (35) . We estimated 95% confidence interval for the point velocities based on the SE from the initial linear mixed model combined with the standard error from the local regression model: ±1.96*√ (SE linear  2 + SE nonlinear   2 ). Approximate simultaneous 95% confidence intervals were calculated by exploiting correlation between neighboring time points and the corresponding P values were adjusted accordingly for multiplicity (36) .
All statistical analyses were carried out using STATA/IC 13.0 (College Station, TX).
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